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ABSTRACT: Four polyfluorene derivatives with chiral center in the backbone or at the side ¢hdpmeF

(P1), PLPhGIyF (P2), PDPheF (P3), and PSPF (P4), have been designed and synthesized through the Pd-
catalyzed Suzuki polymerization. The structures of these polymers are characterit¢diy'3C NMR, UV—

vis, photoluminescence (PL), and CD spectroscopic methods as well as elemental analysis. These four polymers
exhibit the linearly polarized photoluminescence in dilute solutions. The investigation of the absorption and emission
behaviors indicates that the aggregates and/or the excited states excimers might be formed in THF solution at
higher concentrations. We also observe the emission dichroicRatiof these polymers in films is increased in
comparison with that in solutions. After film annealing, polym&s P2, and P3 also show obvious linearly
polarized photoluminescence at 50860 nm. Moreover, the films of polymét4 exhibit good thermal spectral
stability after annealing in comparison with other three polynigtsP2, andP3. We also report the circular
dichroism (CD) spectroscopic properties of these four polymers in THF solutions.

Introduction is of particular interest to develop new chiral conjugated
polymers. Of all the conjugated systems that have been explored,
oligo- and polyfluorene derivatives are promising materials for
OLEDSs, especially because of their blue and strong electrolu-
minescence (EL) and the good solubility in organic solvéhts.
Polyfluorene (PFs) derivatives easily form the homogeneous
layers with solution-based coating techniques. Introduction of
two chiral side chains at the 9-position of the fluorene units of
Spolyfluorenes are found to result in large circular polarization
in the absorption and emission of the desired derivatives. The
films of chiral oligo- and polyfluorenes exhibit extraordinary

m-Conjugated polymers have attracted more considerable
interest due to their electronic and photonic applications, such
as organic field effect transistors (OFETS), organic light-emitting
diodes (OLEDSs), photovoltaics, and organic lasers as well as
other organic deviceslinside these organic devices;con-
jugated polymers are fabricated as very thin films (about 50
100 nm) by spin-casting or inkjet printing from their dilute
solutions. It has been demonstrated that properties of material
depend on film morphology at an extent scale from macroscopic

down to microscopic (a few angstroms), as determined by hiroptical . itable for fabricati f the devi ith
polymer structure and film processing conditidr@ne impor- chiroptical properties suitable for fabrication of the devices wit

tant feature of conjugated materials is the potential for control- Circularly polarized electroluminescence (CPEL), which might
ling macroscopic photophysical properties by manipulating the € served as backlights for liquid crystal dispfey However,
order or orientation of the molecules. Therefore, considerable UP 10 now, there were few reports on circularly polarized
interests have been devoted to the design, synthesis, an@mission ar_wd electroluminescence from polyfluorene derivatives
characterization of chiral conjugated oligomers and polymers With the chiral backbone of the polymer, and the effect of the
directed at the formation of helices, twisted ribbons, and chiral centers of polyfluorene derivatives on their photophysical
cholesteric mesomorphism both in solutions and in neat films propertiest?
in the past decadésSome positive results have been achieved  Herein, we present the synthesis and the photophysical
from developing novel conjugated polymers carrying chiral properties of chiral polyfluorene derivatives, in which the chiral
pendants including poly(thiophene) (PTpoly(p-phenylenevi-  centers are in the side chain and in the backbone of polymers,
nylene) (PPV},poly(fluorene-2,7-diyl) (PF§,poly(p-phenylene) respectively. Pu et al. developed novel rigid and sterically
(PPP)] poly(acetylene) (PAj,and polyp-phenyleneethynylene)  regular polymeric catalysts employing optically active'd,1
(PPEJ derivatives and understanding their corresponding su- pinaphthyl at the main chain, which exhibited good enantio-
pramolecular structures through the formation of chiral structures sglectivies in organic asymmetric synthesis and good electro-
supported by both circular dichroism and circularly polarized |uminescence properties for OLEBIn this contribution, we
fluorescencé? not only develop three polyfluorene derivatives containing chiral
To facilitate film processing for practical application and to bisoxazoline at the side chaiR1, P2, andP3), but also prepare
systematically investigate structurproperty relationships, it  a polymer containing optically pure 9;8pirobifluorene units
at the backboneR4). The linearly polarized photophysical
: properties of these four polymers both in various solutions and
* Corresponding authors.
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coupling polymerization of4, 8a, 8b, and 10 with 2-(9,9-
dihexylfluorenyl}-3dioxaborolane catalyzed by Pd(Rpfpro-
duced the desired polymeRl, P2, P3, and P4, respectively

annealed, the intensity of the long wavelength emission (as illustrated in Scheme 4). Among these polymers, the chiral
increased for both the normal photoluminescent and linearly units at the side chain &1 andP3 were enantiomers, and the
polarized photoluminescent behaviors of polymeisP2, and

P3in solid states. However, polymét4 exhibits no change

system ofP4 was referred to as an axial chirality.
The crude polymers were washed with methanol, water, and

both in the normal emission and in the linearly polarized methanol again, successively, and were placed in a Soxhlet
photoluminescent behaviors in solid states.

Results and Discussions

Synthesis Scheme 1 illustrates the synthetic approach to
monomer4. The reaction ofl with ethyl bromoacetate in the
presence of lithium diisopropylamine (LDA) afforded compound
2 in moderate yield (45%), which followed by the hydrolyzation
to give diacid3 in high yield (97%). The typical processes of
preparing bisoxazoline fror in four steps was followed and

produced a new bisoxazoline derivatigén 58% overall yield

(also in Scheme 1

The synthetic approach to monom&asand8b is shown in
Scheme 2. Reduction d? with lithium aluminum hydride
formed diol 5 in high yield (94%). Treatment 0% with I,
imidazole and PPfled to the formation 06 in moderate yield

(54%). To improve the yield of the preparation of bisoxazoline
derivatives, we also employed manolonitrile as a starting

material to prepare bisoxozaliné& and 7b by two steps
according to the published proceduté€ondensation o and

7aor 7b in the presence of lithium diethylamine produced the

spirobisoxazoline monomeBa and 8b, respectively.

The enantiomerically pure spirobifluorene di6] whose
preparation procedure was developed in our gfdugacted
with 1-bromide-2-methoxyethane to produce another Suzuki molecular structure did not affect the thermal stability. The

coupling precursot0as shown in Scheme 3. Finally, the Suzuki
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apparatus and extracted with refluxed acetone for 48 h, and then
was dried at 60°C in vacuum oven. These polymers were
readily soluble in common organic solvents, such as THF,
CHCIs, toluene, xylene, etc, which provided us the convenience
to obtain the!H and13C NMR spectra of these polymers and
their photophysical properties in solutions. The molecular
structure of these polymers was verified ¥y and13C NMR
spectroscopy and elemental analysis. The molecular weights of
polymersP1, P2, P3, andP4 were determined by gel permeation
chromatography (GPC) with THF as the eluent, calibrated
against polystyrene standards. As shown in Table 1, the GPC
analysis indicated that the number-average molecular weight
(M) and polydispersity index (PD) of the polymers were in
the ranges from 9459 to 18 699 and from 1.5 to 2.4, respectively.
Thermal Stability. The thermal stability of polymerB1—
P4was investigated by thermogravimetric analysis (TGA) under
nitrogen atmosphere and in air. All polymers exhibited out-
standing thermal stability with onset degradation temperatures
(Tq) above 300 C under nitrogen atmosphere. In air, the onset
degradation temperature of these four polymers was above 260
°C. The averagédy of these polymers up to 400@ was similar
to that of poly(9,9-dihexylfluorene-2,7-diylPOHF), suggesting
that both the incorporation of chiral moiety and the unique

thermally induced phase transition behaviors of these chiral

Scheme 2
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Table 1. Molecular Weight and Phase Transition Temperatures of
Polymers P1, P2, P3, and P4.

polymers Mn Mw PD Tg(°C)
P1 11709 17 310 15 114
P2 9459 14703 1.6 161
P3 18 699 45797 2.4 142
P4 10 383 16 347 1.6 155

polymers were determined by differential scanning calorimetry
(DSC) under nitrogen atmosphere at a heating rate ofC10
min~1. The results are illustrated in Figure 1 and summarized
in Table 1. We observed that the introduction of the chiral
moieties effectively improved thE, temperature of the polymers
P1-P4(114-161°C) in comparison with that dDHF (about
104°C).18 We also observed that such an introduction of chiral
units into the polymers did not obviously affect the amorphous
states of the polymers, which was due to the rigid backbone

ML B B o e .
—--P1]]
——P2|

——P3|]

Heat Flow (w/g)

60 80 100 120 140 160 180 200 220
Temperature ( °C)
Figure 1. DSC behaviors of polymerB1, P2, P3, andP4.

Pd(PPh3),
Tol / NayCO3

Table 2. UV—Visible and Photoluminescence Spectra of P1, P2, P3,
and P4 in Dilute THF Solutions and in Film States at Room

Temperature.

abs abs

}-max }-max

(nm) emission (nm) emission
polymers solution (nm) Rer  film (nm) Re.  Rp2
P1 381 418 20 385 430 53 51
P2 383 418 20 384 430 41 41
P3 391 418 19 393 430 40 338
P4 325 398 18 326 408 31 34

a After annealing.

and cyclic side chain. Th&, temperatures of polymef32 and
P3were higher than that &#1, which might be due to the rigid
cyclohexyl structure in polyme2 and P3.

Photophysical Properties.The normalized absorption spectra
of polymersP1, P2, P3, andP4in dilute THF solutions (about
106 M) are shown in Figure 2. The photophysical properties
of these polymers both in dilute solutions and in thin films are
summarized in Table 2. Normallgt-conjugated polymers show
a very strongr—a* electron absorption band in the UWis
region, which progressively red-shifted with increase of effective
conjugation length. From absorption spectra illustrated in Figure
2, we observed that polymerl, P2, andP3 exhibited the similar
absorptioMmax (381 nm forP1, 383 nm forP2, and 393 nm
for P3, respectively), in which the absorption peak B8
exhibited a small red-shift (about 10 nm) in comparison with
those ofP1 and P2 although the absorption spectra of these
four polymers showed the same onset. Such absorption behav-
iors in solutions were similar to those of poly(9,9-dialkylfluo-
rene-2,7-diyl)!® However, the absorption behaviors &4
peaked at 325 nm, which blue-shifted about 60 nm in compari-
son with those oP1, P2, andP3. This was due to the 3garbon
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P S L L I obvious red-shift showed in their PL spectra when the concen-
5 1 tration was 102 M. For P1, the PL spectra in THF solution at
g o8 Y the concentrations between T0and 10° M were identical;
g . —o—p3| 1 however, when the concentration was4®, the emissiomax
£ 06 — P4 red-shifted from 418 to 433 nm, and further red-shifted to 445
§ [ ] nm when the concentration increased to3M, and we also
35 04r ] observed that the emission at long wavelength (about 520 nm)
g [ was obviously enhanced. For polymd?2 and P3, we also
z 02 ] observed that the emission spectra were almost identical at the
ol e L W SS— concentrations between 10 and 10° M. Moreover, the
300 350 400 450 500 emissionmax red-shifted about 24 nm with the increase of the
Wavelength (nm) concentrations from 1@ to 10-3 M. However, the emission at
Figure 2. Normalized absorption spectra Bfl, P2, P3, and P4 in long wavelength did not obviously increased. Pdr although
dilute THF solutions. the emission behaviors were almost indistinguishable at the
e i concentration between 10and 10° M, the emission.maxred-
1F ——P1 i shifted about 13 nm when the concentration increased té 10
s f - E]j;‘jz:ﬁ;en ] M, which were similar as those in the film. These results
@ 08 ——p2 H demonstrated that these polymers were formed the aggregates
E i :23:2::;“ 1 and/or the excited-state excimers in THF solutions at higher
3 0.6 3 —p3 i concentrations above 1®M, which was similar as poly[2,7-
2 sl ::g:x::en i {9,9-bis[©)-3,7-dimethyloctyl} fluorene] (PFMO)3
g [ ——P4 ] Uniform polymer films were prepared on a quartz glass
Z o02f _'_f;_',fﬁj:ﬁ::;en H substrate by spin-coating from solution in toluene (2% wi/v) at
i : ] a spin rate of 2000 rpm. The thickness of all films was about
0

= S s 80—100 nm. The normalized absorption and emission spectra
360 400 Wmengthstor?mj 550 600 of polymersP1, P2, P3, andP4 in films are shown in Figures
Figure 3. Normalized emission spectra B, P2, P3, andP4in dilute 5 and 6, respectively. The absorption spectra of four polymers

THE solutions. Emission spectra were obtained upon excitation at the in solid states were quite similar to those in dilute solutions
absorption maximum. with slight red shift. This indicated that polymepd, P2, and

P3 did not form the obvious aggregation in the ground states
after the introduction of the chiral units in the side chain. For
polymerP4, the tetrahedron conformation of3sgarbon at the
spiro center of spirobifluorene units effectively reduced the
possibility of the aggregation in the ground state.

at C9-position of spirobifluorene unit in the backbone, which
interrupted the increase of effective conjugated leRgth.

The photoluminescent (PL) emission spectr&af P2, P3,
andP4in dilute THF solutions, excited at absorption maximum
wavelength, are illustrated in Figure 3. Polymé&s P2, and ) o ] ] ] )
P3showed almost identical behaviors, which peaked at 418 nm __ For their emission behaviors in solid states, as shown in
with a shoulder at 426 nm. Such PL spectra were also similar Figure 6,P1, P2, andP3exhibited the typical spectral features
to those of poly(9,9-dialkylfluorene-2,7-diy. These three of polyfluorene h_omopolymer_s v_\nth th_e well-d_efme_d vibronic
polymers also exhibited very small Stokes shift (about-25 structure. The bright blue emlssmn_wnh two V!bl‘OI’IIC peak; at
nm) between 0 and 0 transition of absorption and emission 430 and 445 nm was observed, which were slightly red-shifted
indicating a small structural reorganization in the excited state. c0mpared with those in solutions. In comparison with the
However, for polymeP4, the emission features peaked at 398 €mission behawors_chZ andES, the long wavelength emission
nm, which blue-shifted about 20 nm in comparison with those from the PL behaviors oP1in the fresh prepared films was
of P1, P2, andP3, which was also due to the $parbon at the observed, which might be owing _to _the shorter side chain in
C9-position of spirobifluorene unit in the backbone although PolymerP1. However, for the emission spectrum B#, the
the stokes shift oP4 between 0 and 0 transition of absorption Nnonstructureless feature peaked at 408 nm. The linearly
and emission was about 63 nm, which indicated the structural Polarization photoluminescent features in thin films are il-
reorganization might be formed in the excited state. We also lustrated in Figure 6. The photoluminescence of these four
investigated the linearly polarized photoluminescence of these Polymers exhibited the obvious linear polarization. The degree
four polymers in dilute THF solutions. Figure 3 also illustrates Of linearly polarization using emission peak dichotic raRa
the linearly polarized photoluminescent behaviors in solutions. Valueé was summarized in Table 2, which was enhanced in
It was observed that the photoluminescence of these fourcomparison with that of in solutions. For example, the emission
polymers was linearly polarized. The emission peak dichotic P€akK dichotic raticRe, value ofP1in film increased from 2.0
ratio, defined asRe. = E/E5 where E, and E; denote the t0 5.3 in comparison with tha.tln. solution. FB4, the emission
emission intensity at the parallel and perpendicular director, P2k dichotic ratid?e. value in film was about 3.1.
respectively, are summarized in Table 2. As shown in Figure The emission spectrum stability upon thermal annealing is
3, we observed that the parallel emission intefigityere higher critical character for OLEDs, since the temperature inside the
than the perpendicular intensigy for every polymer. These  devices could increase depending on the operation conditions.
results might be related to conformational changes upon Itis well-known that when PF films were heated with exposure
photoexcitation or to emission from polymer chains. to air, an additional broad, featureless band emerged and

We also investigated the absorption spectra and emissionincreased, resulting in a decreased efficiency as well as changing
behaviors of polymer®1, P2, P3, andP4 in THF solutions at the pure blue emission to an undesirable blue-green édlor.
low and high concentrations at room temperature. We observedAfter the films of our four polymers were annealed, as shown
a little change from their absorption in THF solution when the in Figure 7, the long wavelength emission of polymeds P2,
concentration was enhanced from~1@o 103 M, while the and P3 obviously was enhanced, which was identical with
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Figure 4. Normalized emission spectra Bfl, P2, P3, andP4 in THF at various concentrations. Emission spectra were obtained upon excitation

at the absorption maximum.
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Figure 5. Normalized absorption spectra Bfl, P2, P3, andP4 in
solid states.
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Figure 6. Normalized emission spectra Bfl, P2, P3, andP4in solid
states. Emission spectra were obtained upon excitation at the absorptio
maximum.

normal dialkyl-substituted polyfluorene derivatives, although the
long wavelength emission exhibited the linearly polarization
photoluminescent features. However, Ra, we did not observe
any long wavelength emission from its PL spectra after
annealing the film above it$y temperature for 24 h. Thp.
value exhibited a little change from 3.1 to 3.4. Such results
demonstrated that polym&24 might be a promising candidate
for chiral blue emitting material.

n
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Figure 7. Normalized emission spectra Bfl, P2, P3, andP4in solid
states after annealing. Emission spectra were obtained upon excitation
at the absorption maximum.

The circular dichroism (CD) behaviors of these four polymers
in dilute THF solution were also investigated. CD has proved
to be a very powerful tool for the determination of helical
conformations of polymers. Figure 8 outlines the CD behaviors
of all four polymers in solutions. The CD spectra of all polymers
P1-P4 in THF solutions revealed a typical Cotton effect at
thezr—a* transition which exhibited vibrational fine structure.
The CD effect from interchain exciton coupling demonstrates
that the induction of the chiral units effectively enhanced the
helical conformation of individual polymer chains. We believe
that the optical activity resulted from a chiral orientation of the
polymer chain and CD behaviors originated from a helical
intrachromophore and interchromophore conformation further
enhanced by the chiral units although these polymers owned
the essentially planar chains. It was observed Bvahaving
an axial chirality at the polymer backbone showed an extremely
higher CD response than other three polynietsP2, andP3.
Furthermore, the CD effect of polym&al was opposite with
that of P3 because the chiral units at the side chain®band
P3 were enantiomers.
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Figure 8. Circular dichroism spectra of polymeld, P2, P3, andP4
in dilute THF solutions.
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Conclusion

In conclusion, we synthesize four new chiral polyfluorene
derivativesP1, P2, P3, andP4 through the Suzuki polymeri-
zation. This is the first time to synthesize the chiral helical
conjugated polymers with optically active 9,9-spirobifluorene

skeleton at the polymer backbone. These polymers exhibit the

obvious linearly polarized photoluminescent properties both in
solutions and in thin films. The investigation of the PL emission
behaviors of these four polymers in THF solution at various
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the eluent to afford 7.4 g (45%) of paint yellow solidsl NMR
(CDCl;, 300 MHz, ppm): 6 7.67-7.68 (d,J = 1.8 Hz, 2H, Ar-
H), 7.50-7.53 (m, 4H, Ar-H), 3.91-4.00 (g, 4H,J = 7.2 Hz,
O—CHy), 3.02 (s, 4H, CH-CO), 1.02-1.08 (t, 6H,J = 6.9 Hz,
CHg). 13C NMR (CDCk, 75 MHz, ppm): 6 169.9, 150.3, 138.1,
131.2, 127.3, 121.5, 121.3, 60.4, 49.9, 41.7, 13.9. El M&)(
494 (M"). Anal. Calcd for GiHooBr,O4: C: 50.83; H: 4.06.
Found: C: 50.91; H: 4.08.

Compound 3.To a solution of2 (2.5 g, 5.0 mmol) in CHOH
(25 mL) was added 12 mL of aqueous NaOH solution (2 N). After
being refluxed for 8 h, the mixture was cooled to°C and
neutralized with aqueous HCI. The mixture was extracted with ethyl
ether. The extracts were washed with aqueous NaH&@ition
and brine, and then dried over anhydrous MgS&ter evaporation
of the solvents under vacuum, the residue was washed with 10 mL
of CHCI; to afford 2.1 g (97%) of light yellow solidssH NMR
(DMSO-ds, 300 MHz, ppm): 6 12.00 (s, 2H, COOH), 7.827.85
(d, 2H,J = 1.8 Hz, Ar—H), 7.74-7.79 (d, 2H,J = 8.1 Hz, Ar—

H), 7.48-7.54 (dd, 2HJ = 8.1 Hz, 1.8 Hz, Ar-H), 3.06 (s, 4H,
CH,). 13C NMR (DMSO-ds, 75 MHz, ppm): 6 171.1, 151.4, 138.6,
130.4, 126.8, 122.1, 120.5, 49.9, 41.9. El M8/3: 438 (M").
Anal. Calcd for G/H12Br,O4: C: 46.40, H: 2.75. Found: C: 46.09,
H: 2.81.

Compound 4.Compound 3 (1.9 g, 4.3 mmol) was refluxed with
SOCL (10 mL) for 2 h. After removal of the excess SQChe
residue was dissolved in 10 mL of GEl, and added dropwise to
a mixture ofL-phenylalaninol (1.6 g, 9.7 mmol) andJEt (3 mL,

22 mmol) in 10 mL of CHCI, at 0°C. The mixture was stirred at
room temperature for 8 h. The reaction mixture was washed with
brine. The organic layer was dried over anhydrous3@. After
removal of the solvents, purification by column chromatography
(ethyl acetate/petroleum etherl/1) afforded a crude product. The

concentrations indicates that the aggregates and/or the excitederude product was dissolved in 10 mL of S@@hd then refluxed

state excimers might be formed in THF solution at the higher

for 2 h. After removal of the excess SQQinder vacuum, the

concentration. The investigation of CD effect demonstrates that residue was dissolved in 20 mL of GEN, and then KCO; (1 g,

P4 having an axial chirality at the backbone exhibits the higher
Cotton features than other three polymBds P2, andP3. We

also investigate the linearly polarized photoluminescent proper-
ties of the thin films of four polymers after annealing. Although
it is exhibited in the PL spectra of polymeRd, P2, andP3,

this long wavelength emission at about 5@DO0 nm is also
the circular polarization with the sanfi®_ value as the linearly
polarized emission at 418 nm. However, such long wavelength

7.2 mmol) and several drops of water were added to the mixture.
The mixture was refluxed overnight. The precipitate was filtered
and washed with CKCl,. After removal of the solvent under
vacuum, the residue was purified by column chromatography using
ethyl acetate/petroleum ether as eluent to afford 1.7 g of product
(yield: 58%).'H NMR (CDCl;, 300 MHz, ppm): é 7.70 (s, 2H,
Ar—H), 7.47 (m, 4H, Ar-H), 7.00-7.40 (m, 10H, Ph), 4.164.25

(m, 2H, CH-N), 3.80-4.00 (t, 2H,J = 8.4 Hz, CH—0), 3.50~

3.70 (t, 2H,J = 8.4 Hz, CH—0), 3.03-3.15 (d, 2H,J = 14.7 Hz,

emission has not been observed from the emission behaviorsCH,—Box), 2.94-3.00 (d, 2H,J = 14.7 Hz, CH—Box), 2.70-

of P4 in thin films after annealing. These results demonstrate
that P4 could be a promising candidate as a stable circular
polarized blue-emitting conjugated polymer for circular polar-
ized OLEDs.

Experimental Section

General Methods.Chemicals were purchased from Acros and
used as receivedH and 13C NMR spectra were recorded on a
Mercury plus 300 MHz using CDgbr DMSO-ds as solvent in all
cases. UV+vis spectra were recorded on Perkin-Elmer Lambda 35
UV —vis spectrometer. PL spectra were carried out on a Perkin-

2.90 (dd, 2HJ = 13.2 Hz, 2.4 Hz, Ch), 2.20-2.40 (dd, 2HJ =

2.4 Hz, 13.2 Hz, CH). 3C NMR (CDChk, 75 MHz, ppm): 6 163.6,
149.9, 137.9, 137.7, 130.8, 128.8, 128.2, 127.6, 126.1, 121.0, 120.8,
71.3, 67.0, 50.9, 41.6, 36.1. EI M&(: 668 (M"). Anal. Calcd

for CasHzgBroN-O,: C: 62.70, H: 4.51, N: 4.18. Found: C: 62.54,
H: 4.65, N: 4.05.

P1. To a mixture of 1.5 mol % of Pd(PRh in 10 mL of
degassed toluene and 6 mif » M aqueous sodium carbonate
solution was added 9,9-dihexylfluorene-2,7-bis(trimethylene bor-
onate) (0.50 g, 1 mmol) andi(0.67 g, 1 mmol). The mixture was
vigorously stirred under a nitrogen atmosphere at 80 °C for
72 h. The mixture was poured into 100 mL of methanol with stirring

Elmer LS55 Luminescence spectrometer. DSC was performed onto precipitate solids. The solid was collected by filtration and

a Mettler DSC 822module in conjugated with a Mettler Thermal
Analyst STAR system under a heating rate of 4/min and the
nitrogen flow rate of 60 ciimin.

Compound 2.To a solution of LDA (73 mmol) in anhydrous
THF was added 2,7-dibromofluorene (10.8 g, 33.3 mmol) under
nitrogen atmosphere at78 °C. After 15 min, ethyl bromoacetate
(23.2 g, 79 mmol) in anhydrous THF was added dropwise. The
mixture was warmed to room temperature and stirred overnight.
The mixture was quenched with aqueous/8H and the aqueous

washed with methanol and water. The polymer was further purified
by washing with refluxing acetone in Soxhlet for 2 days, and was
dried under vacuum at room temperature to afford 0.49 g (58%) of
a light yellow solid.*H NMR (CDClz, 300 MHz, ppm): 6 7.40—

8.00 (m, 10H, Ar-H), 6.80-740 (m, 12H, A-H), 4.10-4.36 (m,

2H, CH-N), 3.84-4.05 (m, 2H, CH-0), 3.50-3.72 (m, 2H,
CH,—0), 3.12-3.44 (m, 4H, CHPh), 2.66-2.96 (m, 2H, CH),
1.90-2.35 (m, 6H, CH), 0.40-1.25 (m, 22H, GH1,). 13C NMR
(CDCls, 75 MHz, ppm): 6 164.8, 151.8, 149.4, 140.4, 139.3, 137.9,

layer was extracted with ethyl acetate. The combined extract was129.0, 128.4, 127.2, 126.3, 123.2, 121.4, 120.0, 71.7, 67.2, 55.4,

washed with HO, brine and dried over anhydrous MgS@fter

51.2,41.9, 40.6, 36.9, 31.5, 29.8, 23.9, 22.6, 14.0. Anal. Calcd for

the solvents were removed under vacuum, the residue was purifiedCgoHsN.O,: C: 85.47, H: 7.41, N: 3.32. Found: C: 84.23, H:
by column chromatography using ethyl acetate/petroleum ether as7.36, N: 3.00.
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Compound 5. A solution of 2 (9.9 g, 20 mmol) in 50 mL of
anhydrous ethyl ether was added dropwise to a solution of LjAIH
(0.76 g, 40 mmol) in 50 mL of anhydrous ethyl ether. The mixture
was refluxed for half an hour and then saturatedS@ solution
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P3. This polymer was prepared following the similar procedures
used to prepare polym@&d. *H NMR (CDCl;, 300 MHz, ppm): &
7.45-8.10 (m, 12H, Ar-H), 7.15-7.45 (m, 10H, PkH), 4.50-
4.74 (m, 2H, CH-N), 4.25-4.44 (m, 2H, CH—0), 4.07-4.25 (m,

was added dropwise. The precipitate was filtered and washed with 2H, CH,—0), 3.26-3.40 (m, 2H, CHPh), 2.56-2.98 (m, 6H, CH-
ether. After removal of the solvent under vacuum, the residue was Ph and CH—CHy), 1.80-2.30 (m, 8H, CH), 0.50-1.30 (m, 22H,

purified by column chromatography using ethyl acetate to afford
7.7 g (94%) of the products as a white powdét.NMR (DMSO-
ds, 300 MHz, ppm): 6 7.70-7.90 (m, 4H, ArH), 7.44-7.60 (m,
2H, Ar—H), 4.10-4.30 (t, 2H,J = 5.1 Hz, OH), 2.56-2.76 (m,
4H, CH,), 2.15-2.36 (t, 4H,J = 7.5 Hz, CH). I3C NMR (DMSO-
ds, 75 MHz, ppm): 6 151.8, 138.1, 130.2, 126.4, 122.1, 121.0,
56.5, 52.0. EI MS1/2: 410 (M"). Anal. Calcd for GsH16Br20z:
C: 49.54, H: 3.91. Found: C: 49.34, H: 4.05.

Compounds. To the solution ob (4.96 g, 10 mmol) were added
imidazole (1.6 g, 24 mmol) and PR{5.5 g, 21 mmol) in 100 mL
of CH.Cly in 1, (5.3 g, 21 mmol) slowly. The mixture was stirred
overnight and 30 mL of petroleum ether was added in. The

CsHy1). 13C NMR(CDCk, 75 MHz, ppm): 168.1, 153.3, 151.7,
140.2, 138.5, 137.7, 129.5, 128.6, 126.6, 126.0, 122.9, 121.3, 120.3,
72.0,67.4,55.3,49.4,425,41.9, 31.5, 29.8, 23.9, 22.6, 14.0. Anal.
Calcd for G3HeeN2O,: C: 85.67, H: 7.53, N: 3.17. Found: C:
84.98, H: 7.39, N: 3.01.

Compound 10.To the suspension of NaH in 50 mL of anhydrous
THF was added a solution & (0.51 g, 1.0mmol) in 10 mL of
anhydrous THF. After the mixture was stirred for 10 min,
2-bromoethylmethyl ether (1.5 g, 1.1 mmol) was added. The mixture
was stirred overnight and filtered. After removal of solvents, the
residue was washed with petroleum ether to give 0.60 g (88%) of
the product as a white solilHH NMR (CDCl;, 300 MHz, ppm): 6

precipitate was filtered. The organic layer was evaporated to remove8.61-8.64 (d, 2H,J = 7.5 Hz, Ar—H), 7.43-7.47 (d, 2HJ = 8.7
the solvent. The crude product was purified by column chroma- Hz, Ar—H), 7.34-7.39 (t, 2H,J = 7.5 Hz, Ar—H), 7.09-7.15 (t,

tography to afford 3.4 g (54%) of the product as a white solidls.
NMR (CDCl;, 300 MHz, ppm): 6 7.50-7.55 (m, 6H, Ar-H),
2.57-2.70 (m, 4H, CH), 2.25-2.36 (m, 4H, CH). 13C NMR
(CDCl;, 75 MHz, ppm): 0 147.9, 139.19, 131.6, 126.1, 122.4,
121.7,59.2, 44.2-2.7. EI MS (n/2: 630 (M"). Anal. Calcd for
Ci/HwBrolo: C: 32.31, H: 2.23. Found: C: 32.21, H: 2.34.
General Procedure for 8a and 8bTo a solution of diethylamine
(2.09 g, 15 mmol) in 30 mL of THF at 8C was added BuLi (7
mL, 15 mmol) in hexane. The mitxture was stirred for half an hour
and then cooled te-78 °C. A solution of7a (1.58 g, 5 mmol) in
15 mL of THF was added dropwise. The mixture was stirred at
—20 °C for 30 min, and then cooled t670 °C again;6 (3.1 g, 5

2H,J = 7.5 Hz, Ar-H), 6.66-6.69 (d, 2H,J = 7.5 Hz, Ar—H),
6.48-6.52 (d, 2H,J = 8.7 Hz, Ar—H), 3.44-3.52 (2H, m, CH),
3.54-3.64 (2H, m, CH), 3.08 (6H, s, CH), 2.86-3.06 (4H, m,
CHy). 8C NMR (CDClk, 75 MHz, ppm): 6 154.0, 147.9, 141.7,
1415, 133.5, 128.1, 127.0, 123.1, 122.8, 112.9, 107.6, 70.3, 68.1,
59.0, 29.4. EI MS1h/2: 620 (M"). Anal. Calcd for GiH2¢BrOx:

C: 59.83, H: 4.21. Found: C: 60.11, H: 4.36.

P4.This polymer was prepared following the similar procedures
used to prepare polymé&l. 'H NMR (CDCl;, 300 MHz, ppm): &
7.90-8.10 (m, 2H, Ar-H), 7.50-7.80 (m, 4H, ArH), 7.15-7.40
(m, 4H, Ar—H), 6.90-7.15 (m, 4H, Ar-H), 6.65-6.90 (m, 4H,
Ar—H), 3.55-3.87 (m, 4H, CH)), 2.90-3.20 (m, 10H, CHOCH),

mmol) was added in. The mixture was stirred at room temperature 1.90-2.30 (m, 4H, CH), 0.65-1.30 (m, 22H, GH;1). *C NMR-
for an additional 16 h, and then it was quenched with saturated (CDCl, 75 MHz, ppm): 6 154.3, 151.0, 148.9, 148.8, 142.2, 141.1,

aqueous NECI solution. The mixture was extracted with,&t The
combined extracts were washed with brine, dried over Mg3@er
removal of the solvents, the residue was purified by column
chromatography (ADs, hexane/EtOAc) to give 2.3 g of the product
as a white solid (68%)H NMR (CDCl;, 300 MHz, ppm): 6 7.73

(s, 2H, Ar—H), 7.31-7.58 (m, 14H, Ar-H), 5.38-5.44 (dd, 2HJ

= 7.5 Hz, 9.9 Hz, CHN), 4.77-4.84 (dd, 2H,J = 8.4 Hz, 9.9
Hz, OCH,), 4.28-4.34 (t, 2H,J = 8.2 Hz, OCH), 2.74-2.80 (m,
2H, CH,), 2.572.66 (m, 2H, CH), 2.00-2.05 (m, 2H, CH),
1.85-1.95 (m, 2H, CH). 3C NMR (CDCk, 75 MHz, ppm): §

168.5, 153.7, 142.3, 137.6, 130.6, 128.9, 127.8, 127.7, 126.6, 121.2,

77.4,77.0, 76.6, 75.3, 69.7, 49.8, 42.3, 31.4, 28.5. El M&)(
680 (M"). Anal. Calcd for GgH30BroN,O,: C: 63.36, H: 4.43, N:
4.10; Found: C: 63.04, H: 4.52, N: 4.01.

Compound 8b.*H NMR (CDClz, 300 MHz, ppm): d 7.71 (d,
2H,J = 1.5 Hz, Ar—H), 7.40-7.59 (m, 6H, ArH), 7.21-7.34
(m, 10H, Ph), 4.524.62 (m, 2H, CH-N), 4.25-4.32 (t, 2H,J =
8.7 Hz, OCH), 4.09-4.15 (dd, 2H,J = 6.9 Hz, 8.4 Hz, OCH),
3.20-3.27 (dd, 2HJ = 4.8 Hz, 13.5 Hz, CHPh), 2.75-2.85 (dd,
J=28.4 Hz, 13.5 Hz, 2H, ChKPh), 2.48-2.57 (m, 2H, CH), 2.33~
2.41 (m, 2H, CH), 1.94-1.96 (m, 2H, CH), 1.75-1.93 (m, 2H,
CHj,). 13C NMR (CDCk, 75 MHz, ppm): 0167.6, 153.9, 137.5,

130.4, 129.4, 128.5, 127.5, 126.5, 121.2, 71.8, 67.2, 49.4, 42.0,

41.5, 31.2, 28.3. EI MSnf/2: 708 (M*). Anal. Calcd for GgHa-
BroNoO,: C: 64.24, H: 4.82, N: 3.94. Found: C: 64.29, H: 4.93,
N: 3.61.

P2.This polymer was prepared following the similar procedures
used to prepare polym&dl 'H NMR (CDCls, 300 MHz, ppm): 6
7.50-8.10 (m, 12H, ArH), 7.15-7.50 (m, 10H, PkH), 5.38-
5.56 (m, 2H, CH-N), 4.76-4.96 (m, 2H, CH—0), 4.24-4.44 (m,
2H, CH,—0), 2.64-3.16 (m, 4H,CH—CH,), 1.92-2.36 (m, 8H,
CH,-CH, and C-CHy), 0.60-1.30 (m, 22H, GHjj). 13C NMR-
(CDCls, 75 MHz, ppm): 6 169.2, 153.1, 142.4, 140.7, 140.3, 140.0,

138.5, 128.8, 127.7, 126.3, 123.1, 121.4, 120.2, 120.1, 76.5, 75.5,
67.0,55.3,49.5,42.9, 40.5, 32.0, 31.5, 29.8, 29.0, 23.9, 22.6, 14.01,

13.96. Anal. Calcd for giHe:N,Oo: C: 85.67, H: 7.31, N: 3.28.
Found: C: 84.81, H: 7.11, N: 3.01.

140.2,135.8,131.5, 131.3, 128.6, 128.1, 127.2, 126.5, 124.5, 123.9,
123.0,122.8,119.9, 111.9, 70.5, 68.3, 62.9, 59.0, 58.8, 55.6, 40.5,
32.2,31.8, 31.5, 30.2, 29.9, 29.7, 24.3, 22.6, 14.1. Anal. Calcd for
CseHss04: C: 84.60, H: 7.35. Found: C: 84.39, H: 7.45.
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